Graves' orbitopathy (GO) is the commonest extrathyroidal feature of Graves' disease. For active, moderate to severe GO intravenous glucocorticoid pulse therapy (ivGCS) is the first-line treatment, which might be followed by oral glucocorticoid therapy. Glucocorticoid treatment, especially in the time of withdrawal, carries a risk of adrenal insufficiency. The aim of this study was to assess the pituitary-adrenal axis function in patients with GO before and at the cessation of ivGCS, and after further oral glucocorticoid therapy. Material and methods: Twenty patients received treatment in accordance with the EUGOGO protocol (500 mg methylprednisolone once a week for six weeks, then 250 mg once a week for another six weeks) followed by oral prednisone at a gradually decreasing dose from 30 mg/day over a three-month period. Adrenal function was evaluated directly before the ivGCS, before the last pulse, and after oral glucocorticoid intake. The assessment consisted of clinical evaluation, and measurements of morning total serum cortisol (TSC) and plasma adrenocorticotropic hormone (ACTH). Patients with decreased cortisol level underwent ACTH stimulation test with TSC measurements before, and 30 minutes and 60 minutes after the administration of synthetic ACTH. Results: All patients before and at the cessation of ivGCS treatment demonstrated intact adrenal function. One patient after prednisone therapy presented decreased adrenal reserve. TSC concentration was significantly lower after the ivGCS (p = 0.025) and oral glucocorticoid therapy (p = 0.0006) in comparison to evaluation before therapy. Conclusions: Therapy with ivGCS for GO does not lead to secondary adrenocortical insufficiency. Further low-dose oral glucocorticoid therapy may result in secondary adrenocortical insufficiency in some patients. (Endokrynol Pol 2017; 68 (4): 430-433)
Introduction
Graves' orbitopathy (GO) is the commonest and most important extrathyroidal manifestation of Graves' disease [1, 2] . Active, moderate to severe GO represents about 5% of cases [3, 4] . Intravenous glucocorticoid pulse therapy (ivGCS) is the first-line treatment in this group of patients [2] . After cessation of methylprednisolone (MP) treatment, low-dose oral therapy with prednisone might be considered [5] . Treatment with PRACE ORYGINALNE supraphysiological doses of glucocorticoids carries a risk of numerous side effects, of which suppression of hypothalamic-pituitary-adrenal (HPA) axis is particularly dangerous and may precipitate adrenal crisis [6] . Some surveys show that the frequency of acute adrenocortical insufficiency might be greater than expected [7] . The purpose of this study was to assess the HPA-axis function in patients with GO before, at the cessation of ivGCS, and after the further oral therapy with prednisone.
Material and methods

Patients
Twenty consecutive patients (14 females) with active, moderate to severe GO, with an average age of 51.5 years (range 24-74 years), treated with ivGCS and subsequently prednisone, were included to the study. All the patients were assessed according to European Group on Graves' Orbitopathy (EUGOGO) criteria, and all were euthyroid at initiation of treatment. Patients under glucocorticoid therapy and medication influencing cortisol-binding protein serum level in the last six months were excluded from the study.
Treatment schedule
The patients received treatment at the Department of Endocrinology, Medical University of Warsaw between 2012 and 2016. The therapy included administration of intravenous (IV) pulses of MP in accordance with the EUGOGO protocol (500 mg MP once a week for six weeks, then 250 mg once a week for another six weeks -cumulative dose 4.5 g). Once the initial treatment was finished, patients received oral prednisone at a gradually reduced daily morning dose from 30 mg/day to 5 mg/day over a three-month period. This was followed by oral substitution of hydrocortisone (HCT) 10 mg/day until the day of the next examination (mean 23 days of HCT intake). Time points for adrenal function assessment were: i) directly before the beginning of treatment (1 st pulse), ii) directly before the last pulse of MP (12 th pulse), and iii) after cessation of prednisone therapy. The evaluation of HPA-axis function was performed by measurements of morning total serum cortisol (TSC) and plasma adrenocorticotropic hormone (ACTH). We ruled out adrenal insufficiency if the patient fulfilled two criteria simultaneously: lack of clinical features of adrenal insufficiency (weakness, fatigue, orthostatic hypotension, muscle pain, hyperpigmentation, nausea, weight loss, hypoglycaemia) and value of morning TSC ≥ 10 µg/dL. Patients who did not fulfill these criteria underwent an ACTH stimulation test (250 µg Synacthen ®) with TSC measurements before, 30 minutes and 60 minutes after the administration of intramuscular bolus of synthetic ACTH. The criterion of intact HPA-axis function was defined as stimulated serum cortisol concentration of ≥ 18 µg/dL [6] .
Laboratory evaluation
Cortisol and ACTH concentrations were measured using ECLIA Cobas® diagnostic kits (Roche Diagnostics Limited, Burgess Hill, UK). The immunoassay for the in vitro quantitative determination of ACTH in human EDTA plasma has a measuring range of 1.00 -2000 pg/mL, the inter assay coefficient of variation is maximal 2.7%, the intra assay coefficient of variation is maximal 5.4%, and the detection limit is 1.00 pg/mL. The immunoassay for the in vitro quantitative determination of cortisol in human serum, plasma, urine, and saliva has a measuring range of 0.018-63.4 µg/dL, the inter assay coefficient of variation is maximal 1.7%, the intra assay coefficient of variation is maximal 2.8%, and the detection limit is 0.018 µg/dL. ACTH stimulation test was performed with synthetic ACTH (0.25 mg Synacthen® Novartis, Basel, Switzerland).
Statistical analysis
Results are expressed as means with range for parametric data, and as median with range for nonparametric data. Parametric data were analysed using paired t test and nonparametric data using Wilcoxon signed rank test. Statistical significance was assumed when a null hypothesis could be rejected at P < 0.05. Statistical analyses were performed using software STATISTICA ver. 10.0.
Results
Before and at cessation of ivGCS all 20 patients fulfilled all the criteria (laboratory and clinical) of sufficient adrenal function ( Fig. 1 ). After further three months of prednisone treatment while on HCT substitution, one patient presented decreased adrenal reserve (cortisol in ACTH stimulation test was 0': 1.46 µg/dL; 30': 10.51 µg/dl; 60': 15.57 µg/dL). Mean morning TSC concentration was 18.4 µg/dL (9.2-27.3), 14.9 µg/dl (5.3-29.7), and 13.1 µg/dl (6.9-18.8) before treatment, at the cessation of ivGCS, and after oral prednisone therapy, respectively. The decrease of TSC level before the treatment and after the MP therapy, as well as before the treatment and after the oral prednisone therapy, was statistically significant (p < 0.05) (Fig. 2) . Median ACTH concentrations were 13.3 pg/mL (2.9-62.1), 10.3 pg/ml (3.1-63.3), and 12.2 pg/ml (2.5-28.8) before the treatment, after the ivGCS, and after the oral prednisone therapy, respectively (Fig. 3) . The difference between plasma ACTH during the treatment was not statistically significant.
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Discussion
Secondary adrenal insufficiency (AI) occurs in up to 100% of patients treated with oral glucocorticoids [4] . However, inhaled GCS may cause AI as well [7, 8] . Data about the influence of intravenous glucocorticoids used in the treatment of GO on the HPA-axis are scarce. Greek and Danish studies showed no association between ivGCS treatment and AI development [9, 10] . In our study the same conclusion was drawn. The cause of the lack of persistent HPA-axis suppression may be a result of periodic administration and transient suppression, which results in HPA-axis recovery. However, a statistically lower morning TSC after cessation of pulses was observed. It suggests that greater doses of IV MP (e.g. treatment of GO with higher cumulative doses than 4.5 g) might cause HPA-axis suppression. This requires further evaluation in patients treated with higher doses of MP or in different schedule (e.g. therapy of dysthyroid optic neuropathy).
Factors that may increase AI risk after GCS withdrawal are well defined [11] . Patients on long-acting GCS equal to oral prednisone in dose ≥ 20 mg per day for at least three weeks, evening dose ≥ 5 mg, and cushingoid features may predispose to AI. We have also analysed in our group the HPA status after three months of treatment with oral prednisone. Interestingly one patient developed AI at this point of therapy. Other GCS side effects occur also less frequently after IV compared to oral route, which may be a result of the specific action of high GCS doses [12] . Buttgereit et al. postulated three "modules" of glucocorticoid effect on cells resulting from different concentrations: i) low concentrations mediate effects via genomic events, ii) medium concentrations bind to cell surface receptors, which activate cross membrane signal transmission for genomic and non-genomic intracellular events, and iii) at very large concentrations steroids dissolve in the cell membrane resulting in greater membrane stability and reduced non-genomic cell function [13, 14] .
A possible limitation of the study is that we ruled out adrenal insufficiency if the patient fulfilled two criteria simultaneously: lack of clinical symptoms of adrenal insufficiency, which we believe is the strongest indicator of adrenal insufficiency, and morning cortisol > 10 µg/dL. A stimulation test with Synacthen was performed in all patients with cortisol ≤ 10 µg/dL and/or clinical symptoms of adrenal insufficiency. Our decision about the study design and serum morning cortisol cut-off set at 10 µg/dL was, however, based on the literature [15] , previous studies [16] [17] [18] , and our experience supported by assessment of clinical status.
Conclusions
Intravenous pulse treatment for GO, with cumulative dose of 4.5 g MP, does not lead to secondary adrenocortical insufficiency. Further low-dose oral prednisone therapy can result in secondary adrenocortical insufficiency in some patients.
